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ABSTRACT 


Thia  report  describes  the  results  of  chamber  tests  of  new 
carbon  clothing.  Three  types  of  carbon  clothing  were  studied;  coated, 
impregnated  and  carbon-rayon. 

fine  modification  each  of  the  coated  and  impregnated  types 
gave  protection  comparable  to  that  given  by  CC-2  impregnated  clothing 
in  similar  tests.  Several  modifications  of  the  carbon-rayon  type  gave 
protection  superior  to  that  given  by  CC-2  impregnated  clothing  in 
similar  tests. 

The  protection  given  by  carbon  clothing  against  HN-1  vapor  was 
of  the  same  order  as  that  given  against  H  vapor,  CC-2  clothing  gives 
very  poor  protection  <gainst  HN-1  vapor, 
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CONFIDENTIAL 


INTRODUCTION 


A.  Authorization 

If  This  work  was  authorized  under  Project  "liair.ienance. 

Bureau  of  Ships’*,  dated  16  December  19U0,  The  problems  which  were  pro¬ 
posed  for  study  were  given  in  Bureau  of  Ships  letter  S-S77-2(Dz),  Serial 
811,  of  17  December  191(0, 

B.  Statement  of  Problem 


2.  This  investigation  was  undertaken  as  a  continuation  of  the  eval¬ 
uation  of  the  protection  against  vesicant  vapors  afforded  by  new  clothing 
containing  activated  carbon. 

C .  Knovm  Facts  Bearing  on  the  Problem  and  Theoretical  Considerations 

3.  Carbon  cloth  maybe  divided  into  throe  types,  depending  on  the 
method  used  for  incorporating  the  carbon  in  the  fabric.  These  are  the 
coated,  impregnated  and  synthetic  fiber  types.  The  coated  type  is  rela¬ 
tively  easy  to  manufacture  but  can  only  be  made  in  piece  goods.  Some 
difficulty  has  been  experienced  in  sewing  this  type  of  cloth  because  of  the 
hard  abrasive  layer  of  carbon.  The  cloth  also  tends  to  "crock",  thereby 
losing  its  protective  value  through  loss  of  carbon.  The  impregnated  type 
is  also  relatively  easy  to  manufacture,  since  cloth  or  garments  can  be 
impregnated  by  methods  similar  to  those  used  at  present  for  CC-2  impregna¬ 
tions,  The  synthetic  fiber  type,  in  which  the  carbon  is  incorporated 
directly  in  the  fiber,  is  the  most  difficult  to  manufacture  and  therefore 

is  the  most  expensive.  Also,  volume  production  of  this  type  is  more  limited 
duo  to  the  more  specialized  equipment  required.  However,  in  some  respects 
it  is  preferable  to  the  other  types  since  the  material  does  not  "crock", 
a  high  percentage  of  carbon  can  be  incorporated  in  the  cloth  and  stdll  give 
a  cloth  vdth  a  good  "hand"  and  appearance,  greater  xoniformity  of  carbon 
content  can  be  obtained  and  the  carbon  is  not  readily  removed  by  laundering. 
Early  difficulties  in  the  preparation  of  carbon  cloths  due  to  poisoning  of 
tho  carbon  during  manufacture  of  the  cloth  or  fiber,  as  well  as  many  other 
technical  difficulties,  have  been  largely  overcorao  through  tho  studios  of 
NDRC  investigators. 

li,  Tv/o  modifications  of  the  coated  type  were  studied  in  this  investi¬ 

gation,  tho  August  191(3  Model  and  S-38,  Four  modifications  of  tho  impregna¬ 
ted  typo  wore  studied,  R  &  H  (Rhoplex),  casein,  improved  casein  and  methocel, 
NRL  Report  No.  P-2322,  ’’Evaluation  of  Activated  Carbon  As  An  Anti-Vesicant 
Agent  in  Protective  Clothing",  describes  the  composition  of  some  of  these 
cloths.  Seven  modifications  of  the  synthetic  fiber  type  were  studied.  Most 
of  these  are  described  in  NRL  Report  No,  P-265f>,  "Evaluation  of  Carbon-Rayon 
Protective  Fabrics". 

D.  Previous  Tfork  Done  at  This  Laboratory 

5.  This  report  is  tho  fourteenth  of  a  series  on  "Chamber  Tests  with 

Human  Subjects’*  in  which  tho  results  obtained  in  the  evaluation  of  various 
protective  equipment  against  the  vesicant  effects  of  persistent  chemical 


CONFIDENTIAL 


-  1  - 


m'.rfs.re  agents  are  reported.  The  fourth,  fifth  and  thirteenth  reports  of 
the  scries,  NHL  Reports  Mos.  P-2239,  P-246U,  and  P-260U  describe  earlier 
work:  on  carbon  clothing.  NRL  Report  No.  P-2510,  “Methods  for  the  Dotor- 
raination  of  the  Vesicant  Agent  Content  of  Contaminated  Carbon  Clothing", 
gives  the  procedures  employed  for  analysis  of  the  vesicant  agent  content 
of  the  clothing  described  in  this  report.  NRL  Report  No.  P-2570,  "Tho 
Persistence  of  H  and  HN  on  Carbon  Clothing",  gives  data  on  the  persistence 
of  agents  on  carbon  cloth  under  various  conditions  of  storage.  NRL  Re¬ 
ports  Nos.  P-2322  and  P-2655,  mentioned  above,  present  additional  studies 
on  carbon  clothing  including  summarized  chamber  data, 

EXPPJRII'IEMTAL 

A.  Procedure 


6.  Tho  chamber  used  in  these  tests  and  its  operation  are  described 
in  NHL  Report  No.  P-2208.  The  method  used  for  testing  carbon  clothing  was 
similar  to  that  used  for  CC-2  impregnated  clothing,  described  in  earlier 
reports  of  this  series,  with  the  difference  that  the  carbon  clothing  was 
worri  continuously  during  tho  tests  vdiiireas  tho  CC-2  impregnated  clothing 
was  not. 

7.  Tho  chamber  tests  were  conducted  as  follows:  Tho  subjects,  al¬ 

ways  dressed  in  tho  same  suits  and  accessories,  were  given  successive  dally 
exposures  to  the  vesicant  vapor  in  tho  chamber  at  65«  R*H.  and  2-2.5 

m.p.h.  vrind  velocity.  In  tests  vAth  H,  exposures  wore  generally  at  a  CT 

of  1200  (20yH/l.  for  60  min.)  and  in  a  fev/  tests,  at  a  CT  of  21^00  (UOYl/l. 
for  60  min.).  In  tho  tost  with  HN-1  the  exposures  v;crc  at  a  CT  of  2000 
(33.3  yHI'I-1/1.  for  60  min.).  The  carbon  clothing  was  worn  continuously 
during  a  test  except  for  readings.  Tho  men  wore  examined  and  road  by  the 
Medical  Officer  before  each  exposure,  and  each  subject  vras  withdravm  from 
the  test  v/hon  ho  had  incurred  a  reading  of  E  (intense  erythema)  or  greater 
on  any  part  of  the  body.  The  successive  daily  exposures  were  continued 
until'  all  the  men  had  "brolcon"  or  were  vAthdravm  by  tho  Medical  Offa.cer 
for  other  reasons.  The  average  number  of  exposures  tolerated  was  used  as 
the  criterion  of  protection  afforded  during  a  particular  tost. 

8.  Each  man  exposed  to  H  vapor  :Ln  tho  chamber  was  equipped  ^vith  the 
f  ollovAng : 

(a)  Navy  diaphragm  mask,  Jfark  IV  (vAth  CC-2  impregnated  sleeves 
on  tho  hose  connecting  tubes). 

(b)  Carbon  cloth  suits. 

(c)  Two  pair.s  of  CC-2  impregnated  socks. 

(d)  One  pair  of  CC-2  impregnated  wool  olbov/  length  gloves. 

(c)  CC-2  impregnated  shorts  for  I-I/2  layer  tests,  plain  shorts 
for  1  layer  tests. 

(f)  Plain  undershirts  (skivvies). 

(g)  Overshoes  (Arctics). 
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In  some  of  the  early  tests,  S-330  Protective  Ointment  was  applied  to  the 
face  and  neck.  This  was  discontinued  when  it  v/as  found  (see  NRL  Report 
No.  P-260U)  that  the  use  of  ointment  decreased  the  protection  given  by 
carbon  clothing.  In  several  cases  a  special  CC-2  impregnated  or  carbon 
cloth  collar  was  vrom  around  the  nock  after  a  man  sustained  an  intense 
erythema  of  the  neck  so  that  he  could  continue  the  test  without  further 
damage  to  this  area.  This  was  done  since  a  neck  bum  v/as  not  considered 
a  legitimate  suit  ''break"  when  ointment  was  used  in  the  test. 

9.  In  the  tests  with  HN-1,  the  CC-2  impregnated  shorts,  gloves  and 

socks  wore  replaced  with  carbon  cloth  shorts,  mittens  and  socks,  rospec- 
tivoly. 


10.  In  the  test  of  carbon-rayon  #166,  sufficient  cloth  was  not  avail¬ 

able  to  make  the  number  of  suits  necessary  for  a  standard  test.  The  pur¬ 
pose  of  this  test  was  primarily  to  obtain  a  comparison  with  carbon-rayon 
#176.  Therefore,  since  most  of  the  "breaks"  with  carbon  clothing  occur  on 
the  shoulders  and  upper  back,  a  section  about  one  foot  square  was  cut  out 
of  carbon  rayon  #176  suits  in  the  area  of  one  shoulder  and  the  upper  back 
and  replaced  by  a  carbon-rayon  #166  patcli.  The  other  shoulder  thus  served 
as  a  control. 

11.  In  order  to  test  the  effect  of  desorption  of  vesicant  from  the 

cloth  at  the  time  of  a  "break"  in  tv/o  of  the  tests  the  suits  v;orc  put  on 
and  v/orn  continuously  by  nevr  unexposed  men  immediately  after  the  suits 
"broke".  Those  men  wore  the  clothes  imdor  normal  room  conditions  and  were 
not  given  additional  exposures.  These  desorption  tests  were  continued  until 
the  new  men  "broke"  or  until  it  was  considered  that  desorption  was  not  pro¬ 
nounced. 


12.  Samples  v/ere  taken  from  the  suits  from  time  to  time  during  the 
course  of  most  of  the  tests  and  analyzed  for  vesicant  agent  "pick-up"  by 
methods  described  in  NRL  Report  Mo.  P-2510.  The  samples  v;ere  usually  cut 
vd-th  a  1  cm. 2  die  from  the  pockets  of  the  jumpers. 

B.  Results  and  Discussion  of  Results 


13.  All  but  one  of  the  tests  of  carbon  clothing  in  the  large  chamber 

wore  vdth  H  vapor.  The  data  for  these  tests  are  presented  below  according 
bo  the  typo  of  clothing  used.  The  one  test  mth  HM-1  v/as  carried  out  using 
carbon-rayon  #110  and  is  described  after  the  tests  with  H. 

(].)  Carbon-Coated  Cloth 

Ik.  Tests  of  tvro  modifications  of  cax'bon-coated  cloth  were  carried  out. 

The  tests  of  Aug.  Model  clothing  vrerc  reported  in  NRL  Report  No.  P-2239, 

The  tost  using  S-38  clothing  was  carried  out  as  a  standard  "man-break"  test, 
and  samples  from  the  pockets  of  each  suit  were  removed  for  analysis  by  both 
the  DB-3  and  NaOCl  methods.  The  data  obtained  in  these  tests  are  presented 
in  Tables  I  and  II.  I/iore  complete  data  on  the  S-38  test  are  presented  in 
Tables  XII  and  XXVII  in  the  Appendix. 
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Table  I 


Carbon-Coated  Cloth  -  Physiological  Data 


Conditions;  H  at  CT  1200  (60  ndn.)j  90°F,  65$  R.H. 


Cloth 

Modification 

Type  of 
Test 

No.  of 
Men 

No,  of  Av 
"Breaks" 

.  No.  of  Exp. 
Tolerated 

Av.  Total  CT 
Tolerated 

Aug.  Model 

1  layer 

h 

2 

3.0+ 

3600+ 

S-38 

1-1/2  " 

7 

7 

Table  II 

6.0 

7200 

Carbon-Coated  Cloth  -  Analytical  Data 
Total  "Pick-up"  in  yf(/cm,2  -  NaOCl  Method. 


Cloth 

Modification 


Exposure  Number 

I — 1 — I — 5 — 1 — ^ 


Aug,  Model  26  38  32  50  50 

S-38  {hh  1?  (ii)*  37  hh  1*6 


DB-3  Method. 

15.  The  data  in  Table  I  shov/  that  the  S-38  clothing  was  superior  to 

the  Aug,  Model  in  the  protection  it  afforded.  The  value  of  6.0  exposures 
is  comparable  to  the  average  value  of  6.1+  exposures  tolerated  for  CC-2 
impregnated  clothing.  (See  NRL  Report  Mo*  P-2602).  The  S-38  suits  have 
the  disadvantage  of  being  quite  stiff  and  do  not  soften  readily  on  vroar. 


16.  Assuming  a  linear  relationship  betivoen  H  "pick-up"  and  number  of 

exposures,  a  plot  of  the  data  in  Tabic  II  indicates  that  the  Aug.  Model 
suits  picked  up  12-15  yH/cm.Vexp. ,  and  tho  S-38  suits  picked  up  8.5 y 
R/cm.2/oxp.  No  explanation  is  available  for  tho  lov/  values  obtained  by 
tho  DB-3  method. 


(2)  Carbon  Impregnated  Cloth. 

17,  Three  tests  of  two  binder  modifications  of  carbon  impregnated 

cloth  yfQTG  carried  out.  They  vroro  the  casoln,  improved  casein  and  meth- 
occl  systems.  All  tests  were  carried  out  as  standard  I-I/2  layer  "man- 
break"  tests  at  CT  1200.  Samples  from  the  pockets  of  all  the  suits  in  the 
casein  and  methocol  tests  were  analyzed  for  H  "pick-up"  by  the  NaOCl  method. 
The  results  «f  these  tests  are  summarized  in  Tables  III  and  IV.  More  com¬ 
plete  data  are  given  in  Tables  XIII  through  XV  and  XXVII  in  the  Appendix. 
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Tablo  III 


Carbon  Impregnated  Cloth  -  Physiological  Data 


Conditions:  H  at  CT  1200  (60  inln.)j  90°F,  6^,^  R.H. 


Cloth 

Type  of 

No.  of 

No.  of 

Av.  Mo.  of  Exp. 

Av.  Total  CT 

Modification 

Test 

Men 

Breaks 

Tolerated 

Tolerated 

Casein 

I-I/2  layer  ? 

6 

7 . 1+ 

8520+ 

Impiroved 

1-1/2  " 

8 

8 

2.0 

2U00 

Casein 

Mothocel 

1-1/2  " 

7 

6 

3.7+ 

UhliO 

Tablo  IV 

Carbon 

Impregnated  Cloth  - 

-  Analytical  Data 

Average  Total 

"Pick-up" 

in  YH/cm,2  -  NaOCl  Method. 

Cloth 

Exposure  Number 

Modification 

T  ^ 

I  E 

1  2  I 

Casein 

28 

h9 

83  -  66 

Mothocel 

5  22 

ho  h9 

-  _  _ 

18.  Tho  data  in  Tablo  III  shov;  that  tho  casein-carbon  iniprognatod 

cloth  gave  protection  which  comparos  very  favorably  vdth  tho  combined 
average  of  6.1+  exposures  for  CC~2  impregnated  cloth  (25^  binder).  How¬ 
ever,  the  cloth  was  very  stiff  and  did  not  soften  readily  on  wearing.  In 
an  attempt  to  overcome  this  difficulty,  the  improved  casein  formulation  was 
used  giving  suits  with  a  much  bettor  "hand",  but,  as  can  be  seen  from 
Tablo  III,  giving  much  lovrcr  protection.  Although  analytical  data  is  not 
available,  visual  inspection  shovfcd  that  the  improved  casein  suits  had  a 
much  lower  carbon  content  than  tho  older  casein  suits.  Undoubtedly  this 
is  the  reason  the  protection  was  so  much  poorer.  The  mothocel  suits  gave 
loss  protection  than  that  given  by  CC-2  impregnated  suits  for  this  typo 
of  test. 


19.  Assuming  a  linear  relationship  between  H  "pick-up"  and  number  of 
exposures,  a  plot  of  the  data  in  Tablo  IV  indicates  that  the  casein  suits 
"picked-up"  16  V  Ii/cm.2/exp,  and  the  mothocel  suits  12  y  n/cm.2/  exp. 

(3 )  Carbon-Rayon  Cloth 

20,  A  number  of  modifications  of  carbon-rayon  cloth  have  boon  tested. 
Most  of  tho  tests  wore  conducted  as  l-l/2  layer  "man-break"  tests.  In  view 
of  the  difficulty  of  keeping  men  in  a  long  tost  of  this  nature,  some  of  the 
tests  wore  carried  out  at  a  CT  of  2h00  (60  min.)  per  exposure  instead  of 
tho  usual  1200.  Thotest  with  carbon-rayon  /?166  was  a  shoulder  patch  test 
as  described  in  the  Procedure.  Cbe  of  the  pockets  in  the  carbon-rayon 
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*■'176  suits  used  in  this  test  was  replaced  by  carbon-raydn  )^166  cloth  so  that 
samples  for  analysis  might  be  removed  from  them  during  the  course  of  the 
tost.  Samples  from  the  other  pocket  (',•176)  vrore  also  removed  for  analysis. 

In  the  tests  of  Costa  rayon  and  the  first  test  of  carbon-rayon  n'llO,  samples 
for  analysis  were  taken  from  6  different  areas  of  the  suits  after  the  suits 
were  removed  from  the  tost.  In  all  other  cases  samples  wore  taken  from  the 
pockets  of  all  or  nearly  all  the  suits  in  a  test.  Both  the  haOOl  and  DB-3 
methods  were  used.  The  physiological  results  are  summarized  in  Tables  V 
and  VI.  More  complete  data  are  given  in  Tables  XVI  through  XXV  and  XXVII 
in  the  Appendix.  The  analytical  results  are  summarized  in  Tables  VII  and 
VIII. 


Tablo  V 


Conditions:  CT  1200  or  21^00  (60  )Td.n.)j  90°F,  65^  R.H. 


Cloth 

Modification 

Typo  of 
Test 

GT  of 
Exp. 

No.  of 
Men 

No.  of 
"Breaks" 

Av,  No.  of  Exp, 
Tolerated 

Av,  Total 
CT  Tol. 

Costa 

1  layer 

1200 

1+ 

a 

6.0 

7200 

Costa 

1-1/2  « 

1200 

h 

3 

6.5+ 

7800+ 

110 

1-1/2  « 

1200 

6 

6 

5.3 

6360 

1U8 

1-1/2  '• 

1200 

h 

2 

10.5+ 

12600+ 

176 

1-1/2  « 

21+00 

8 

7 

i+.5+ 

10800 

191 

1-1/2  " 

21+00 

7 

7 

l+.U 

10560 

193 

1-1/2  " 

21+00 

8 

7 

i+.9+ 

11760+ 

166  Shoulder  Patch 

21+00 

u 

3 

2.0+ 

1+800+ 

21,  The  data  in  Table  V  shoi/  that  carbon-rayon  176,  191  and  193 

are  comparable  in  the  protection  they  afforded  and  arc  superior  to  the  other 
modifications.  The  Costa  and  carbon-rayon  ir'llO  contain  K-UU  carbon  v^horoas 
the  carbon-rayon  //l!i8  and  //176  contain  I'I-l82  carbon  ccnd  the  cnrbon-r.ayon 
//191  contains  PCI  carbon.  It  appearfi,  therefore,  that  K-tiU  carbon  is  infer¬ 
ior  to  tho  other  tv70  in  the  protection  it  afford.o  in  carbon-rayon  cloth. 

The  W-182  and  tho  PCI  carbons  appear  to  be  comparable  since  the  carbon  con¬ 
tent  and  weave  of  the  carbon-rayon  I'rVjG  and  191  aru  e3.sontially  tho  same. 

22,  The  offect  of  tho  amount  of  carbon  in  tho  carbon-rayon  fiber  on 
tho  protection  given  can  bo  soon  from  tho  results  of  throe  of  tho  tests  with 
carbon-rayon  cloths  which  differ  only  in  the  percent  of  carbon  present  in 
tho  fiber.  The  data  are  summarized  in  Tabic  VI. 

Tablo  VI 

Effect  of  Percent  Carbon  in  Carbon-Rayon  Fiber 


Carbon-Rayon  %  Carbon  in  No.  of  Exp.  Total  CT 

Tvpo  Rayon  Fiber  Tolcratedif  Tolerated 


T?6  J.U0UU+ 
193  28  h.9+  11760+ 
166  22  2.0+  1+800+ 


•Ji-Soc  Table  V, 
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From  tho  rosults  given  in  Table  VI  it  appears  that  a  carbon  content  of  28% 
or  more  gives  essentially  the  same  protootion  but  that  somev/hore  between 
28%  and  22%  tho  protection  begins  to  drop  off.  For  mechanical  reasons  it 
v;ould  bo  desirable  to  have  the  smallest  amount  of  carbon  in  the  fiber  and 
still  retain  maximum  protection. 

23.  Table  VII  is  a  summary  of  the  analytical  data  obtained  in  the 

carbon-rayon  tests.  Table  VIII  presents  the  H  "pick-up'*  rate  of  the  various 
cloths  as  measured  by  tho  NaOCl  method  only.  Those  values  were  obtained 
from  plots  of  the  data  presented  in  Table  VII  assuming  a  linear  relationship 
betv/een  "pick-up'*  and  number  of  exposures. 

Table  VII 


Carbon-Rayon  Cloth  -  /jialytical  Data 
Average  Total  '*Ptck-up"  in  yVcm.2  _  NaOCl  Method  Unless  Marked. 
Cloth  CT  of  _ Exposuro  Mumber _ 


Modification 

Exp. 

r 

iT 

iT 

1 

£ 

'~T‘ 

T" 

IT 

"IT 

Costa 

1200 

30 

71  - 

9h 

110 

1200 

8 

22 

2h  36 

U2 

39 

lh8 

1200 

21 

26 

73 

73 

76 

63 

99 

109 

112 

IIU 

155 

1200 

13 

2U 

33  61 

57 

70 

69 

88 

100 

71 

89 

75 

176 

21(00 

- 

6h 

-  1U7 

191 

21(00 

- 

71 

-  132 

193 

21(00 

61 

-  1U2 

166 

21(00 

29 

55 

176^h;- 

21(00 

27 

57 

DB-3  Method  on  samples  taken  at  tho  same  tine  and  from  tho  sane  suits 
as  those  used  for  the  NaOCl  Method. 

Samo  tost  as  carbon-rayon  §166.  Samples  removed  from  other  pocket. 

Tabic  VIII 


Carbon-Rayon  Cloths  -  H  "Plck-up'*  Rate 


■  Cloth 
Modification 

CT  of  Exp. 

y  ii/cm.2/cxp. 

Y  Il/cm.2/1200  CT 

Costa 

1200 

17 

17 

110 

1200 

9 

9 

11(8 

1200 

13  (IHO 

13  (ll-iO 

176 

21(00 

35  (3a;H;-) 

18  (15'’*^*') 

191 

21(00 

35 

18 

193 

21(00 

35 

18 

166 

2)(00 

30 

15 

*  DB-3  Method. 

iH!-  From  carbon-rayon  §166  test. 
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2Ui  Prom  the  data  in  previous  tables  it  can  be  seen  that,  with  the 
exception  of  carbon-rayon  #110  and  S-38  carbon-coated  cloths,  the  '"pick¬ 
up”  per  unit  CT  is  fairly  constant.  Therefore,  it  is  obvious  that  no  def¬ 
inite  relationship  exists  between  "pick-up”  and  protection  given.  The 
slightly  lower  values  obtained  by  the  DB-3  method  for  the  carbon-rayon  #lii8 
are  probably  due  to  gradual  hydrolysis  of  the  agent  on  the  cloth  during  the 
test.  It  is  rather  surprising  that  the  "pick-up'*  of  the  carbon-rayon  #176 
and  #166  are  the  same  considering  the  difference  in  carbon  content  of  the 
two  cloths. 

(Ii)  Desorption  Tests 

23.  Two  suits  from  the  l-layer  Costa-rayon  teat  were  put  on  by  new  men 
immediately  after  they  were  '"broken”.  After  3  days  of  wear  one  man  had 
vesication  of  the  neck  and  scrotumj  the  other  man  had  no  significant  burns 
after  3  days  of  wear.  (See  Table  XVII  in  the  Appendix).  The  8  suits  from 
the  carbon-rayon  #lii8  test  were  all  tested  for  desorption  by  the  same  raethod. 
After  3  days  of  wear  the  men  averaged  a  moderate  erythema  for  the  maximum 
reading  (see  Table  XXI  in  the  Appendix).  It  is  obvious  that  a  significant 
degree  of  -desorption  occurred  from  the  suits  which  had  been  ‘"broken""  under 
the  test  conditions  used.  Chemical  tests  (unpublished  data)  have  shown 
that  the  leakage  of  H  vapor  through  a  good  type  of  carbon  cloth  is  negli¬ 
gible,  so  that  the  burns  sustained  in  a  regular  '"man-break""  test  result 
largely  from  desorption  rather  than  leakage.  This  desorption  represents 
one  of  the  disadvantages  of  carbon  cloth  over  chemically  impregnated  pro¬ 
tective  cloth, 

(5)  Test  with  HM-l 

26.  One  of  the  advantages  of  carbon  cloth  over  CC-2  impregnated  cloth 

is  the  much  greater  protection  it  may  afford  against  vesicants  in  general. 

NRL  Report  No.  P-2U61t  gives  data  obtained  in  the  arm  chamber  demonstrating 
this  advantage.  In  order  to  obtain  data  in  the  large  chamber  a  I-I/2  layer 
test  was  run  using  HK-1  at  a  GT  of  2000  (60  min. )  and  carbon-rayon  #110 
suits.  At  the  end  of  the  test  samples  from  all  thes  suits  were  analysed  for 
HN-1  "pick-up"  by  the  AgNO,  method*  The  results  are  summarized  in  Table  IX. 
More  complete  data  are  given  in  Tables  XXVI  and  XXVII  in  the  Appendix. 

Table  IX 


Carbon-Rayon  #110  -  Tost  vd-th  HN-1 


No.  of  No.  of  Av,  No,  of  Exp,  Av.  Total 

Men  "Breaks"  Tolerated  CT  Tolerated  yHN-l/cm. y exp . 

6  3  5.0+  10,000+  77 

27.  From  Tables  V  and  IX  it  can  be  seen  that  carbon-rayon  #110  gave 
protection  against  HN-1  at  a  total  CT  of  10,000+  and  against  H  at  a  total 
CT  of  6360.  CC-2  impregnated  suits  (23^  binder)  protect  against  7320+  CT 
of  H  under  comparable  oonditiois  of  testing,  v/horeas,  in  a  test  Tdth  HN-1 
under  summer  conditions,  CC-2  suits  did  not  give  adequate  protection  at 
CT  ijoo. 
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28.  The  abnormally  high  '<piok-up"  of  HN-1  in  this  test  is  to  be 
noted.  It  vraa  found  in  arm  chamber  tests  (see  NRL  Report  No,  P-2ii6li) 
that  the  "pick-up'*  of  HN-1  or  HN-3  was  higher  than  the  "pick-up"  of  H. 
No  satisfactory  explanation  has  been  found  for  this  phenomenon. 

G.  General  Discussion 


29.  Many  factors  must  be  considered  in  a  comparison  of  carbon  cloth¬ 
ing  and  CC-2  impregnated  clothing.  Direct  comparisons  are  not  always  pos¬ 
sible  since  the  mechanism  of  protection  is  different.  A  few  of  the  advan¬ 
tages  and  disadvantages  of  each  are  presented  below. 

30.  The  much  greater  protection  afforded  against  HN-1  by  carbon-rayon 
cloth  than  by  CC-2  cloth  has  been  demonstrated.  This  property  of  carbon 
cloth,  its  ability  to  protect  against  vesicant  agents  other  than  H,  is 
one  of  its  most  promising  features.  Even  against  H,  the  protection  af^ 
forded  by  carbon^rayon  #11*8  in  a  standard  1-1/2  layer  ’*man-break"  test 

at  CT  1200  was  10.5+  exposures,  vdieroas  for  CC-2  clothing  the  average  was 
6.1+  exposures. 

31.  A  strict  comparison  of  the  protection  on  a  total  CT  of  exposure 
basis  cannot  be  made  bet^ireen  carbon  cloth  and  CC-2  impregnated  cloth 
since  it  has  been  shown  (see  NRL  Report  No.  P-2528)  that  the  protection 
afforded  by  new  GC-2  impregnated  clothing  is  more  a  function  of  the  time 
of  exposure  than  the  CT  of  exposure,  A  comparison  of  the  results  obtained 
with  carbon-rayon  #11*8  and  #176  (which  are  essentially  the  same)  indicate 
that  the  total  CT  of  exposure  is  more  important  than  the  time  of  exposure 
in  the  protection  afforded  by  carbon  cloth. 

32.  It  vms  pointed  out  in  NRL  Report  No.  P-2603  that,  due  to  the 
unusual  leakage  characteristics  of  CC-2  cloth,  the  individual  "breaks" 
in  any  given  "man-break**  test  occur  over  a  v/ido  number  of  exposures.  As 
can  bo  soon  in  Table  XXVII  in  the  Appendix,  this  is  not  true  for  carbon 
clothing,  since  the  "breaks"  in  any  givon  test  arc  grouped  closely.  Fur¬ 
thermore,  while  the  ''breaks'*  with  CC-2  clothing  arc  usually  gradual,  the 
"breaks"  vdth  carbon  clothing  arc  more  abrupt.  It  appears,  therefore, 
that  since  now  carbon  cloth  does  not  shovY  leakage  as  measured  chemically, 
a  fairly  definite  loading  of  agent  must  be  obtained  on  any  givon  type  of 
carbon  cloth  before  desorption  bocomos  important.  The  desorption  of  agent 
is  one  of  the  disadvantages  of  carbon  cloth,  since  a  contaminated  garment 
remains  a  potential  hazard  for  some  time. 

S.  A  further  disadvantage  of  carbon  clothing  is  that  the  carbon  may 

be  poisoned  by  a  number  of  substances,  thus  decreasing  its  protoctive  value. 
For  exan^le,  as  shown  in  NRL  Report  No.  P-260i*,  oil,  S-330  Protective  Oint¬ 
ment  and  water  all  have  a  deleterious  effect  on  carbon  clothing.  In  the 
tost  vri-th  carbon-rayon  #1U8  described  in  the  present  report  fivo  of  the 
original  eight  men  had  to  be  removed  from  the  test  due  to  nook  bums  be¬ 
cause  ointment  was  used  in  the  test  (see  Table  XX  in  the  Appendix). 

34,  A  comparison  of  carbon  and  CC-2  clothing  in  regard  to  such  factors 
as  ease  of  regeneration,  reimpregnation,  laundering,  wearing  life,  etc,, 
vdll  be  presented  in  other  reports  on  carbon  clothing  now  in  process  of 
preparation. 
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SUJIMARy  AND  CONCLUSIONS 


i*  Chamber  tests  with  H  and  HN-1  have  been  conducted  to  evaluate 

the  protection  afforded  by  new  carbon  clothing.  Three  types  of  carbon 
clothing  were  studied,  coated,  impregnated  and  carbon-rayon.  Samples  from 
the  clothing  were  analyzed  during  the  tests  to  determine  agent  '*piok-up'’. 

Z ¥  Model  S-38  carbon-coated  cloth  gave  protection  comparable  to 

CC-2  impregnated  cloth,  i.e.,  6.0  vs.  6.1+  exposures,  respectively. 

Three  modifications  of  carbon  impregnated  cloth  were  tested 
against  H,  Of  these,  the  casein  system  gave  protection  for  7.1+  standard 
exposures,  the  Methocel  system  for  3.7+  and  the  improved  casein  system 
for  2,0.  The  improved  casein  cloth  was  softer  than  the  original  casein 
cloth  but  contained  insufficient  carbon  to  give  comparable  protection. 

4.,  Seven  modifications  of  carbon-rayon  cloth  were  tested  against 

H  in  the  chamber.  Of  these,  carbon-rayon  fflliQ,  176,  191  and  193  gave  com¬ 
parable  protection  (10500-12600  GT).  This  was  considerably  better  than  that 
given  by  the  other  types  of  carbon  cloth  or  CC-2  impregnated  cloth.  From 
the  test  v/ith  carbon-rayon  cloth  the  follov/ing  conclusions  were  drawn  s 

(a)  The  total  CT  of  exposure  was  more  important  in  the  pro¬ 
tection  afforded  by  new  carbon  cloth  than  the  time  of  exposure. 

(b)  Carbon-rayon  cloth  containing  N-182  carbon  gave  greater 
protection  than  cloth  containing  N-hh  carbon.  Cloth  containing  PCI  carbon 
gave  protection  comparable  to  that  containing  N-182  carbon. 

(c)  In  carbon-rayon  cloths  v/hioh  differ  only  in  the  percent 
of  carbon  in  the  fiber,  those  with  28;^  and  32^  carbon  gave  the  same  degree 
of  protection  v;hile  one  containing  22^  carbon  gave  considerably  less  pro¬ 
tection.  A  carbon  content  of  28^  or  less  thorefore,  vrould  be  the  most 
desirable,  since  greater  wearing  life  can  bo  obtained  with  a  lower  carbon 
content. 

The  Individual  "breaks"  in  given  tests  with  carbon  clothing 
were  abrupt  and  grouped  closely  together.  This  vras  in  contrast  to  the 
"breaks"  observed  vdth  CC-2  impregnated  clothing  which  were  gradual  and  in 
any  one  test  range  over  a  considerable  number  of  exposures. 

5,  Two  modifications  of  carbon-rayon  cloth  were  tested  for  desorp¬ 

tion  by  wear  only  immediately  after  they  wore  "broken"  in  tho  standard  "man- 
break"  tests.  significant  burns  resulted  in.  both  tests,  shoiving  that  vapor 
contaminated  carbon  cloth  garments  presented  a  potential  hazard  oven  vfhen 
no  further  exposures  were  given. 

^  Results  of  analyses  for  agent  "pick-up"  of  samples  taken  from 

s\iits  during  and  after  chamber  tests  showed  no  correlation  with  the  pro¬ 
tection  given.  Tho  H  "pick-up"  for  all  the  carbon  cloths  except  carbon- 
coated  S-38  and  carbon-rayon  #130  ranged  from  12  -  18  Y  }i/cm.V1200  CT. 
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A  large  chamber  "man-break"  test  on  carbon-rayon  #110  was 
carried  out  using  HN-1  at  GT  2000  (60  rain.).  An  average  of  5.0+  exposures 
vras  tolerated.  Against  H,  carbon-rayon  #110  gave  protection  for  5.3  ox- 
posuros  at  CT  1200  each. 

The  loss  in  protection  given  by  carbon  clothing  as  the  result 
of  wear  and  other  factors  will  be  presented  in  later  reports. 

RECaflJlENDATIONS 

I4  It  is  recommended  that  the  better  types  of  now  carbon-rayon 

cloths  (#llj.8,  176,  191i  193)  be  considered  as  superior  to  standard  now 
CC-2  impregnated  cloth  (255?  binder)  in  the  protection  afforded  against 
H  vapor. 

It  is  recesnmended  that  new  carbon-rayon  cloths  be  considered 
as  giving  good  protection  against  HN-1  '/apor  and  therefore  as  being  much 
superior  to  CC-2  impregnated  cloth  in  this  respect. 
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Table  X 


Legend  -  Phyaiologic, 


Symbol 

0 

E-? 

E- 

E° 

E 

E+ 

NPV 

V 

NV 


CONFIDEMTIAL 


Roadlnga 


Reaction 
No  Reaction 
Trace 

Mild  Erythema 
Moderate  Erythema 
Intense  Erythema 
Papular  Erythema 
NiJinorous  Pin-point  Vesicles 
Vesicle 

Numerous  Vesicles 


i 

i 

I 


Table  XI 


Legend  - 

Body  Areas 

Abbr. 

Area 

Abbr, 

Area 

aaf 

anterior  axillary  folds 

Ino 

lateral  neck 

aar 

anterior  arms 

1th 

late,'al  thorax 

abd 

abdomen 

lum 

lumbar  region 

af 

axillary  folds 

ne 

neck 

ale 

anterior  legs 

oint 

area  covered  by  ointment 

ane 

anterior  neck 

paf 

posterior  axillary  folds 

ar 

arms 

par 

posterior  arms 

ash 

anterior  shoulders 

pen 

penis 

athi 

anterior  thighs 

pie 

posterior  legs 

ax 

axillae 

pne 

posterior  nock 

bt 

buttocks 

pop 

popliteal  fossae 

C? 

7th  cervicular  region 

psh 

posterior  shoulders 

of 

cubital  fossae 

pthi 

posterior  thighs 

cl 

clavicles 

sc 

scapulae 

dh 

dorsum  of  hands 

scr 

scrotum 

dth 

dorsal  thorax 

sh 

shoulders 

el 

elbows 

St 

upper  sternum 

fa 

forearms 

th 

thorax 

igf 

interglutc=al  folds 

thi 

thighs 

11 

iliac  crest 

vunar 

upper  medial  arms 

ing 

inguinal  region 

vth 

ventral  thorax 

Icn 

knees 

wr 

wrists 

lo 

legs 
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Carbon  Coated  (3-38) 


Conditions:  H  at  CT  1200  (60  min.)}  ?0°F.,  6^/?  R.H. 

1-1/2  layer  (CC-2  impregnated  shorts). 

Date  Started:  7/y/k5 

No.  of  Esposuros  _ Readings  (Hours  After  Last  Exposiiro) 

Tolerated  2i|.  Uo 


7 

6 

5 

6 

5 

7 


6 


Av.  6.0 


E  ne,  ash,  of  E+  ano,  Ine 

E°  st,psh,3c,dth  E  sh,aar,cf ,pne,sc,dth 

E°  st,fa,dh,-wr,ax,kn 


E  aar.pah  E  ane,lne,sh,sc,cf,af,dth 

E°  ne.st.ash.cf.af.ax,  E°  ax,lth,vth,athi,kn,alo,pop 

th,kn,cl»sc,pop 


E  ne, of, paf.psh, 07,30, 
pop 

E°  st,cl,ash,aar,ax, 
kn,dth 


E  nG,3h,aar,cf ,ax,sc,pop 
E®  st,ol,af ,vth,kn,Gl,C7,dth, 
pthi 


E  ane,psh,sc 
E°  st,ol,cf,kn,pno,lne, 
ol,C7,dth,pop 


E  ne,st,cf,psh,sc,dth 
E®  ash,dh,va',lth,athi,l<n,alG, 
C7,pop 


E  dth  E  dth 

E®  no,st,cf,pop  E°no,st,cf ,£ix,kn,cl,pop 


V  ano 

E  sh,cf,paf,sc,dth 
E°  Ino  ,umar,lth,vth, 
athi,kn,alo 


E  ane,lno,st,r.h,umar,cf ,1th, 
Im.paf ,sc,dth 

E®  fa,dh,wr,athi,ale,pnc,ol,pop 


E  of 
E°  kn 


E  of ,psh,3c:,dth,pop 
E°  ne,st,athi,kn,ale 
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Table  XIII 


Carbon  Impregnated  (Casein  Method) 

Conditions:  H  at  CT  1200  (60  inln.)j  90°F.,  66%  R.H. 

1-1/2  layer  (CC-2  impregnated  shorts). 

Date  Started;  3/20/16 

No.  of  Exposures  Readings  (Hours  After  Last  Exposure ) 

Tolerated 

CB 

8 

E  sh,sc,dth 

E°  ane,st,cf,ax,lth,kn, 
pop 

E  sh,uinar,aar,cf,ax,lth,kn, 
paf , cl , s  c , dth , lun , pop 

E“  ano,Bt,athi,lc 

8 

E  anejax.paf.psh.CT.sc, 
dth 

E  ane,ax,paf ,psh,C7,sc,dth 

E°  lno,cf ,kn,le,pthi,pop 

7 

E  ane,ax,paf,psh,sc,dth 
E°  Ine, ash, cf ,1th, athi, 
lei,alo,pno,ol,CY,pop 

E  anc,umar,cf ,ax,lth,pnc,paf , 
pah, 67,30, dth 

E“  st,lno,ash,aar,fa,dh,TO', 
athi,kn,alc,pop 

6 

E  ax,psh,sc 

E°  anc,lth,par,dth 

E  ax, paf, psh, 50, dth 

S°  ano,ash,aar,cf,pnc,C7 

7 

E  psh,sc,dth 

E°  cf,pnc,paf,Cy,lm.i 

E  cf, paf, psh, sc, dth 

E°  ano ,ash , aar , umar , ax , kn , pno , 
01,67, lun, pop 

7 

E  psh,sc,dth 

E”  no, St, ax, kn 

E  ano, paf , psh, sc, dth 

E°  lno,st,cf ,ax,athi,kn,alo,pne 

7')t 

psh,sc,dth 

E  psh, 50, dth 

E°  ne,ax 

Av.  7.1+ 

*  In  this  and  all  subsequent  tables,  denotes  man  vdthdrawn  from  tost 
for  reasons  other  than  a  "break". 


COKPIDENTIAL 


Table  XIV 


Carbon  Impregnated  (Improved  Casein  Method) 

Conditions:  H  at  CT  1200  (60  rain.)}  90°F.,  6$%  R.H. 

1-1/2  layer  (CG-2  impregnated  shorts). 

Date  Started:  9/27/lj5 

No,  of  Exposures  Readings  (Hours  After  Last  Exposure) 

Tolerated  24  '  ltd 


2 

2 

2 

1 

3 


2 


2 


/iv,  2,0 


E  cf,thi,kn,lc,pop,paf,psh,  E  3h,cf,ax,th,-  'jhi,kn,ale,pop 
sc,dth  E°  ne,st  (72  hours) 

E°  ne,3t,ash,aar,lth,vth, 
abd 


E  thi,kn,lc,pop  E  thi,lQ:i,lo,pop 

E°  psh,sc,dtli  E“  ash, of  (72  hours) 


E  cf,pDh,par  E  sh.aar.cf ,lth,paf 

E°  ne,st,aar,3c,dth  E°  nQ,st,sc,dth  (72  hours) 


E  pah  E  psh 

E°  ne,st,ash,aar,cf,  E°  ne,st,sc,dth  (72  hfjurs) 

sc,dth 


E  pthi,pop,plG  E  thi,kti,le,pop,pno 

B°  nc,st,athi,l<n,ale  E°  anci,lne,st 


E  sh,nr,cf,fa,athi,to, 
alo , paf , el , s  c , dth 
E*^  lth,vth,pnc,pthx, 
pop, pie 


E  sh,aar,cf,thi,kn,lc, 
pop, sc, dth 

E°  nc,st,lth,vth,abd, 
par, el 


E+  cf 

S  sh,ar,fa,nx,thi,kn,lo,pop, 
paf , sc 
E°  ne,Et 

E  sh,aar,cf ,th,nbd,thi,kn,lo, 
pop, paf , sc 

E°  pno,par,el,C'7  (72  hours) 


E  kri,la,pthi,pop 
nc,st 


E  thi,kn,lc,pop 
E°  psh, sc 


CONFIDENTIAL 


Tablo  XV 


Carbon  Impregnated  (Methocal) 

Conditions:  H  at  CT  1200  (60  mln.)j  90°F,  R.H. 

I-I/2  layer  (CG-2  impregnated  shorts). 

Date  Started:  7/6/k^ 


No.  of  Exposures 
Tolerated 


Readings  (Hours  After  Last  Exposure) 


it  E  ne,ah,sc,dth 

E°  st.cfjkn.C^ 


3  E  psh,sc 

E®  ne.st.kn 

1;-:^  E°  ane.pne.paf ,psh,sc, 

dth 

li  E  ne,athi,kn,psh,sc 

E°  st,ash,lo,dth,pthi, 
pop 

U  E  psh.sc 

E°  ne, ash, dth 

it  E  psh,sc,dth 

E®  C7 

3  E  ne.st.psh.sc 

E°  ash,aar,cf,!<n,ol,C7 


E+  anc,lne 

E  sh,cf,pno,paf,sc,dth 
E®  st,aar,fa,kn,C7 

E  ano.lne.st.vnr.pshjSCidth 
E°  athi,kn,le,pho 

E  sc, dth 

E°  no,st,sh,cf ,07 
E+  ano,lne 

E  athi,kn,ale,pne,pah,sc 
E°  ash,dh,wr,ol,C7,pthi,pop,plo 

E  ano,lne,psh,so,dth 
E®  ash,cf,athi,kn,lo,pno,C7 

B  pne,psh,sc,dth 
E°  Cj 

E+  ane,lno 

E  uinnr,cf,wr,lth,pno,psh,paf, 
sc, dth 

E°  ot,ash,aar,dh,athi,krj,ale, 
par, cl 


Av,  3*7+ 


CONFIDENTIAL 


Table  XVI 


Costa  Carbon-Rayon  Cloth 

Conditions;  H  at  CT  1200  (60  min.)}  ?0°F,  65%' 

1  layer  (plain  shorts)  -  Ointment  used  on  nock. 

Date  Started:  5/2/Uit 

No.  of  I&posvires  _ Readings  (Hours  After  Last  Exposure) 

Tolerated  H4  ~~~  HB 


6  (A) 


E  aaf ,vth,ing,scr,thi  E  vth.ing.thi 

E°  aaf ,lum,3or,bt 


6  E  scr 

E°  bt.thi.le 

6  (B)  E  ne,scr,bt 

E°  of 


E  scr 

E“  no,thi,kn,bt,le 

E  scr,bt 
E°  nc.cf 


6  E  scr 

E°  bt 


E°  scr 


Av.  6 

Note:  To  determine  the  effects  of  desorption,  suits  (,h)  and  (B)  v/ere 
put  on  immediately  after  they  were  "broken"  and  wore  worn  con¬ 
tinuously  by  new  men.  No  f:irther  exposures  were  given. 

(Sec  Table  XVII). 


CONFIDIilJTIAL 


Table  XVII 


Test  for  Desorption  from  Ibcposed  Costa  Rayon  Suits 
(See  Table  XVI) 

Conditions!  Wear  only,  no  exposure. 

1  Layer. 

Date  Started !  $/6/kh 

_ Readings  and  Remarks _ 

Days  _ Suit  A  (6  Exp» ) _ Suit  B  (6  Bxp. ) 

1  E“  Ine  No  readings  E®  or  greater 

2  E  no  No  readings  E“  or  greater 

3  NPV  scr.lno.  (Romoved  E°  cl 

from  test. ) 

1*  No  readings  E®  or  greater 

5  No  readings  E®  or  greater 

(Removed  from  tost.) 


CONFIDENTIAL 


Tablo  mil 


Costa  Carbon-Rayon  Cloth 

Conditions:  H  at  CT  1200  (60  jnin.)j  90°F» 

1-1/2  layer  (CC-2  inprognatod- shorts )  -  Ointmont  used  on  neck. 

Date  Started;  5/l6/lil: 

No.  of  Exposun. ..  _ Readings  (Hours  After  Last  Bxposuro) _ 

Tolerated  21*  SB 


8^*-  E  ne  (oint.?) 

E®  sc,  scr 


E  pro 

E°  ane,'lnci,scr,so 


8 


E  dth,sc,pnc 


E  r<c,dth 
E®  1th 


3  E  sc 

E°  scr,dth,no 

7  E  loa,lo,3c 

B®  dth,pop,cf,nc 

Av,  6,$+ 


E  so 

E®  nujscr 

E  nc;,sc,lai 
E°  of, pop 


CONFIDENTIAL 


TablQ  XIX 


Carbon  Rayon  #110 

Conditions:  H  at  CT  1200  (60  min,)j  90°F.,  65^  R.H. 

1-1/2  layer  (CC-2  Iraprognatcd  shorts)  -  Ointment  used  on  neck. 

Date  Started ;  5/l6/hh 


No,  of  Exposures  Readings  (Hours  After  Last  Exposure) 

Toloratod  'dk'  ~  ko 


6  E  aaf,ash,ax,kn,3c,dth  E+  no 

E°  cf,3cr,pon  E  ash,dth,paf 

6  E  aaf ,cf,ash,6c.r  E  Bh,aaf,scr,sc,dth,pop,kn 

E°  sc,  dth  E°  no 


6 

6 


E+  scr 

E°  ash, aaf , pen, sc, dth, 
thi,lo 

E  ax, dth 
E°  ar 


Av,  6,0 


Date  Started;  ll/l/hh 

3  E  sh,cl,aar 

E°  dth,pno,el 

^  E  a3h,cf,sc 

E°  p5h,lura,pop 

Av.  li,0 


E  Efr 

E°  objEc.dth 


E+  nc 
E  dth 

E°  sn,r.f,scr,pop,lr 


E  no,st,cl,sh,aar,sc,dth 


E  sh,aaf,sc 
e:°  a.x,pne,lura 


Total  Av,  5.3 


CONFIDENTIAL 


Table  XX 


Carbon  Rayon  #llt8 

Conditions:  H  at  CT  1200  (60  rninOj  90®F.  R.H. 

I-I/2  layor  (CC-2  impregnated  shorts)  -  Ointment  used  on  neck. 

Date  Started:  10/3l/itU 


No.  of  Exposures  _ Readings  (Hours  After  Last  Exposure) 

Tolerated  ^  hd 


6if- 

E  oint.  (not  inoludod 
in  av, ) 

E°  sh 

NV  oint. 

12-it 

E  oint.  (Severe 
conjunctivitis ) 

E°  sh,sc,dth 

E  oint.  (conjunctivitis) 

E®  psh,sc,dth 

9 

E  lum 

E°  ne 

E  lum 

E°  no 

8* 

E°  Oint,,  lum 

(Severe  conjuncti¬ 
vitis,  not  included 
in  av. ) 

E  Pint.,  lum  (conjunctivitis) 

E  oint,  (laryngitis, 
conjmetivitis ) 

B®  oint.  (laryngitis, 
conjunctiv3.tis ) 

E  oint,  (not  included 
in  av.) 

E°  dh,wr 

NV  pno 

E  oint. 

(>% 

E  oint.  (not  included 
in  av.) 

E  oint. 

9 

E  lum 

E°  no 

E  lum,ne 

Av.  10.5+ 

Note:  Several  of  the  mon  above  wore  withdrawn  due  to  neck  bums.  It  was 
demonstrated  later  that  the  use  of  ointment  with  carbon  clothing  decreases 
the  protection  due  to  increased  desorption  of  H.  Therefore,  those  men  are 
not  included  in  the  average.  After  the  fifth  exposure,  CC-2  impregnated 
collars  woro  soto  into  the  suits  to  prevent  further  burns  from  desorption. 

In  all  subsequent  exposures,  no  ointment  was  used  and  a  CC-2  impregnated 
hood  was  vrorn  during  exposure  in  addition  to  the  regular  hood. 

CONFIDENTIAL 


Table  XXI 


Test  for  Dosorptlon  from  Carbon  Rayon  #ll;8 

(See  Table  XX) 

Conditions:  Wear  only,  no  exposures*  3  days  continuous  wear. 
I-I/2  layer  (GC-2  impregnated  shorts.) 


Testa  started  on 

No.  of  Previous 
Exposures 
in  Chamber 

day  each  suit  vms  "broken"  in  chamber  exposures. 

Readings  (Hours  After  3  Days  Vfear) 

0 

2h 

6 

E°  face 

■E® 

face 

E°  face 

12 

E  sc 

E® 

face, no, st 

E  psh, so 

E°  face, na, St, 

psh, sc 

E®  nG,Bt,pthi 

psh 

9 

E°  face 

E° 

face, no, st 

E®  face, no, psh 

8 

E°  facc,ne,st 

No 

further  readings  available 

12 

No  readings  E®  or  greater 

E®  ne,st,cl 

6 

E  pne 

E  pne 

E°  faco, no, st 

E®  faco 

E® 

facc,ano. 

lno,st 

6  No  readings  E®  or  greater 

9  E°  faco  E°  faco,nQ,  E°  face 

Et,psh 


C(»!FIDENTI/.L 


Table  XXII 


Carbon  Rayon  #176 


Conditionas  H  at  CT  2UOO  (60  min.)}  90°F,  65/2  R.H. 

1-1/2  layera  (CC-2  impregnated  shorts) 


Date  Started  s  6/26/kS 


No.  of  Exposures 
Tolerated 


Readings  (Hours  after  Last  Exposure) 
. . .  lih! - 


5 


U 

5 

5 

5-::- 

h 

k 

h 


Av,  li.5+ 


E  sh,umar,cf,w,dh,vth,  E  nG,st,sii,ar,vrr,dh,th,thi, 
tht,kn,le,pno,pnf,par,  kn.le.paf.el.sc .pop 
el.sc.dth.pop 
E°  ane.lno.st 


E  psh.sc.dth 
E°  no.st.par.ol 


E  psh.par.ol.sc.dth 
E°  ane.lno.dh.wr 


E  psh.sc.dth 
E®  wr.kn 


E°  ne.vn'.dh.thi.kn.psh. 
par, oi.se. pop, plo 

E  sc 

E°  psh.dth 

E  ano.lne.psh.sc 
E”'  p'ir,ol,C7,dth 


E  psh.sc.dth 
E°  no, St 


E+  ano.lne.st 

E  sh,ar,fa,vn?,dh,lth,thi,kn 
lo.pne.ol.so.dth.pop 

E  ano.lne.st.cf.virr.th.paf . 

psh.par.sc.dth 
E°  ash.thi.kn.lo.pop 

E  psh.sc.dth 

E°  no.st.ash.cf.fa.'wr.thi, 
kn.lo.pop 

B  pthi.pop.plo 
IC°  no, St, psh.sc.dth 

E  paf, psh.sc.dth 
E°  no,ash,ar,thi,pop,ple 

E+  anc.lne 
E  psh.sc.dth 
E®  ash,athi,kr.,alQ,pno 

E  pno, psh.sc.dth 
E®  ano.lne.st.dh.wr.athi.kn 


CONFIDENTIAL 


Table  XXIII 


Carbon  Rayon  (PCI  Carbon) 


Conditions :  H  at  CT  21*00  (60  ndn.  )j  90°F,  65%  R.H. 

1-1/2  layer  (CC-2  iraprognatod  shorts) 

Date  Started:  6/26/15 


No.  of  Exposures 

Readings  (Hours  After  Last  Exposure 

Tolerated 

2II 

cs 

E  so 

E°  kn,psh 

E  ne,st,kn,paf ,psh,sc,dth 

E°  nsh,aar,cf ,dh,wr,athi,alo,pop 

E  sh,thi,kn,pna,par»0l, 
Cy ,so,dth,pop,ple 

E“  anQ,ino,3t,ianar,dh, 
wr,ale,paf 

E  no,st,sh,cf,kn,paf ,so,dth,pthi, 
pop,  pie 

E°  aar,dh,va',lth,vth,abd,athi, 
ale,  par,  cl 

3 

E  psh.scjdth 

E°  no,st,cf,fa,dh,wr 

E  pno,psh,sc,dth 

E°  anG,lne,st,cf,dh,wr,pthi,pop 

5 

E  kn,psh,sc,dth»pthi 

E°  ash,ar,cf,othi,le, 
Ql>0y,pop 

E  sh,ar,cf,wr,lth,thi,kn,le,paf, 
3c,dth,pop 

E°  ano,lne,dh,el 

E  psh»3c,dth 

E°  nsh,aar,cf,pno 

E  anc,lni3,sh,aar,of,ar,lth,sc,dth 
E°  vth,thi,kn,par,ol,pop,plQ 

ii 

E  kn,psh,sc,dth 

E°  ash,thi,pnc,C7,pop, 
pie 

E  sh,umar,cf,dh,vn',lth,thl,kn, 
ale,  pno, paf  ,30,  dth 

E°  ano, Ine, St, pop, pic 

E  shi  thi,  kn,  pne,sc» 
dth,  pop,  pie 

E*  ane,  Ine,  aar,  of, 
dh,  wr,  1th,  ale, 
paf,  par,  el 

E  sh,  umar,  athi.kn,  pne,  paf, 
par,  el,  sc,  dth 

E*  ane,  Ine,  st.aar,  of,  dh. 
wr,  le,  pthi,  pop 

Avt  1*.U 

CONFIDEWTIAL 


Table  XXIV 


Carbon  Rayon  #1.93  (28^'  Carb(ai) 

Conditions:  H  at  CT  21:00  (60  min.);  90°F,  6553  R.H. 

I-I/2  layers  (CC-2  imijnegnatod  shorts ) 

Date  Started:  6/26/U5 

No,  of  Exposures  _ Readings  (Hours  After  Last  Exposure) 

Tolerated  24  . 


5 


5 

5 


5* 


5 

4 


5 

5 


Av,  4»?+ 


E  sh,-wr,kn,pno,paf,sc,  E  ne,at,sh,uraar,wr,thi,kn,le 

dth,pthi,pop,ple  sc.dth.pop 

E®  ane,]ne,st,dth,athi,  E®  dh,paf 

ale 

E  ne,st,psh,sc,dth  E  pne,psh,sc,dth 

E°  ash.cf.dh.TO’.athi,  E°  ano,lne,st,cf ,dh,wr,nthi, 

kn.ale.par.el  kn.lo.par.el 


E  ano,%vr,athi,kn,pno,  E  no,st,sh,umar,dh,wr,a'  hi, 
psh,sc,dth  kn,alQ,sc,dth 

E°  st,lne,dh,lo,par,el,  E°  paf ,Ql,pthi,pop,plo 
pthi.pop 


E®  dh,w,athi,kn,alo,pno,  E  pno 

p3h,par,el,sc,dth  E®  ane,lnc,st,cf .wr.thi-’ a.le, 

paf  ,psh  ,par  ,ol,sc  ,dt.ri  ,,;.op 


E  n0,at,sh,par,sc,dth  E  no,st,sh,cf,wr,paf ,sc,dl h 

E°  nar.cf.ii.OT.athi,  E°  umar,athi,kn,alQ 

kn.ale.ol 


V  ear 
E  ne 

E°  psh,sc,dth 


V  ear 
E+  nno.lnc 
E  pn0,psh,sc,dth 
E°  aar,rth,Y/r,athi,kn 


E  pno,psh,gc,dth  E  ne,kn,psh,sc,dth 

E°  ane,lne,st,wr,dh,  E®  ash,umar,cf .iivr.thi.le.par, 

athi,kn,alc,par,cl  el, pop 


E  psh,sc,dth  E  kn,psh,sc,dth,pop 

E®  ano.lne.athi.lm  E°  ne.st.thi.le 


CONUDENTl/iL 


Table  XXV 


Carbon  Rayon  #166  (22^  Carbon)  -  Shoulder  Patch  Test 

Conditions;  H  at  CT  2Ii00  (60  min,);  90°F,  655^  R.H. 

1-1/2  layer  (CG-2  impregnated  shorts) 

Rayon  #166  patch  on  left  shoulder  scapula  and  dorsal 
thorax  of  a  Rayon  #176  suit. 

Date  Started :  8/2l/Ji5 

No.  of  Exposirres  Readings  (Hours  After  Last  Ibcpo3\u'o) 

Tolcratod  '  '  4b 


2 


2 

2 


2* 


Av.  2,0+ 


E  left  psh,so,dth 
E°  right  psh,sc,dth 
E°  n0,3t,athi,kn,alo 


E  left  psh,sc,dth 
E°  right  p5h,sc,dth 
E°  nO|St,ash,aar,cf ,thi,kn, 
le,pop 


E  loft  psh,sc,dth  E  left  p3h,sc»dth 

E°  ano,lne,st  E°  cno,]ne,st 


B  loft  psh,sc,dth 
E°  of.pne 

B°  loft  psh,sc,dth 
E°  kn,pne 


E  loft  psh,sc,dth 

E°  left  psh,sc,dth 
E°  pno 


CONFIDENTIAL 


Table  XXVI 


Carbon  Rayon  #110 

Conditions;  IIM-1  at  CT  2000  (60  r.dn,)5  65^  R.H. 

1-1/2  layer  (Carbon  Rayon  )flU3-  shorts,  improvised 
carbon  coated  glovos  and  socks). 

Date  Started ;  8/30/l4ii 


No,  of  Exposures 

Readings  (Hours  After  Last  Exposure) 

Tolerated 

TJ8 

? 

E  sc,  no 

E  ar,  sc 

E°  scr,  thi,  kn 

E  no,  scr 

E“  kn 

5 

E  ah,  sc 

B  sh,  sc,  dth 

ri®  scr,  dth,  no 

E°  ne,  scr 

5 

E  pno 

E  pno,  sh 

R®  sc 

E°  ano,  Ine,  sc 

5 

E  ne 

E  no,  sc 

E°  sh 

? 

E  sc 

E  sc,  dth 

Av,  5#0+ 

E°  ne,  ar 

E°  sh,  scr 

CONFIDax'TIAL 
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